The nonselective muscarinic antagonist scopolamine is known to impair the acquisition of some learning tasks such as inhibitory avoidance. There has been recent research into the effects of this drug in contextual fear conditioning and tone fear conditioning paradigms. The purpose of the present study was to assess the role of the selective M1 muscarinic antagonist dicyclomine in these paradigms and in the inhibitory avoidance test. Rats were administered different doses of dicyclomine or saline 30 min before acquisition training. The animals were tested 24 hr later, and it was observed that 16 mg/kg of dicyclomine impaired both contextual fear conditioning and inhibitory avoidance. However, dicyclomine (up to 64 mg/kg) did not affect tone fear conditioning. These results suggest that the selective M1 muscarinic antagonist dicyclomine differentially affects aversively motivated tasks known to be dependent on hippocampal integrity (such as contextual fear conditioning and inhibitory avoidance) but does not affect similar hippocampus-independent tasks.
Several studies have suggested the involvement of the cholinergic system in learning and memory processes (Bartus et al. 1982; Deutsch 1971; Sen and Battacharya 1991) . Anticholinergic drugs, such as the muscarinic antagonist scopolamine, impair the performance of animals in a wide variety of memory tasks (for review, see Fibiger et al. 1991) .
Recent studies suggest that the cholinergic system may have an important role in the modulation of Pavlovian fear conditioning in rats. In this type of conditioning, a conditional stimulus (CS), such as a tone, is paired with an unconditional stimulus (UCS), a foot shock, for instance, in a specific context. After a few pairings, the animal begins to present fear-conditioned response when exposed either to the tone or to the same context in which it was trained. It has been demonstrated that hippocampal lesions, before the acquisition session (Kim and Fanselow 1992; Phillips and LeDoux 1992) or 24 hours later (Kim and Fanselow 1992; Anagnostaras et al. 1999a) , impair contextual fear conditioning but do not interfere with conditioning to a discrete stimulus such as a tone. Amygdala lesions, however, affect the acquisition of both kinds of conditioning (Phillips and LeDoux 1992; Maren et al. 1996 ).
An effect similar to that observed with hippocampal lesions was obtained by Anagnostaras et al. (1995 Anagnostaras et al. ( , 1999b after systemic administration of scopolamine before training, that is, an effect of impairment of contextual fear conditioning but no effect in tone fear conditioning. However, no effect was observed with posttraining scopolamine administration. Therefore, the authors suggest that only the pretraining administration of scopolamine appears to be capable of reproducing the effects of hippocampal lesions. Rudy (1996) , however, observed that systemic injection of scopolamine, before or up to 3 hours after training, impairs tone conditioning in addition to hindering contextual conditioning. On the other hand, Young et al. (1995) observed that treatment with this substance before training hindered the acquisition of tone fear conditioning without interfering with contextual fear conditioning.
Some authors have already used inhibitory (passive) avoidance as a measurement of contextual conditioning (Selden et al. 1991; Bueno et al. 1993; Oliveira et al. 1998 ). The passive avoidance response, like contextual conditioning, depends on the integrity of the amygdala (Blanchard and Blanchard 1972; Grossman et al. 1975; Nagel and Kemble 1976) and of the hippocampus (O'Keefe and Nadel 1978; Gray 1982) and may be affected by the administration of cholinergic antagonists (for review, see Bammer 1982) . In general, pretraining scopolamine treatment impairs the acquisition of the passive avoidance response, an effect that is unlikely to be related to state-dependent learning (Meyers 1965; Elrod and Buccafusco 1988; Quirarte et al. 1994) . These results suggest an influence of the cholinergic system on emotional memory; however, because scopolamine lacks receptor specificity, it is difficult to determine which of the muscarinic receptors would be primarily involved in its action on this type of learning. Four types of muscarinic receptors are known, named M1 to M4 (Waelbroeck et al. 1990) , and five subtypes of muscarinic receptors have been cloned and designated m1 to m5 (for review, see Hulme et al. 1990 ). It has been demonstrated that the M1 receptor subtype predominates in the cerebral cortex and hippocampus (Levey et al. 1991; Wei et al. 1994) , areas in which cholinergic transmission appears to be essential to learning and memory processes. Moreover, blockade by the selective M1 receptor antagonist pirenzepine impairs learning of hippocampal-dependent tasks like delayed nonmatching to position (Aura et al. 1997 ) and delayed matching to position (Andrews et al. 1994) as well as working memory (Sala et al. 1991) , spatial memory (Hagan et al. 1987; Hunter and Roberts 1988) , and representational memory (Messer et al. 1990 ) tests.
The passive avoidance test can be affected by either systemic (Worms et al. 1989) or central injections (Ohnuki and Nomura 1996; Caufield et al. 1983 ) of pirenzepine, administered before the acquisition session. Roldán et al. (1997) showed that systemic administration of the M1 antagonists biperidine and trihexyphenidyl impairs the consolidation of the passive avoidance response in a dose-dependent manner, suggesting a critical influence of M1 receptor subtype in this kind of learning. Another compound, dicyclomine, which was shown to have a high affinity to the M1 muscarinic receptor (Giachetti et al. 1986 ), also impairs passive avoidance learning in mice when administered immediately after training. This effect was reversed by pretreatment with PG-9, a presynaptic cholinergic amplifier (Ghelardini et al. 1988 ). Recently, Ghelardini and coworkers (1999) observed that inactivation of the M1 gene hinders the acquisition of the passive avoidance response in mice, evidencing the importance of M1 receptor integrity for this type of task. Despite all this, as far as we know, there are no studies that examine the effect of selective M1 antagonists on classical fear conditioning.
The purpose of this study was to examine the effects of a M1 selective antagonist, dicyclomine, on the acquisition of emotional memory, evaluated by the following tests: inhibitory avoidance, classical fear conditioning to a discrete stimulus (tone conditioning), and contextual fear conditioning.
RESULTS

Contextual Conditioning
The higher dose of dicyclomine used (16 mg/kg) impaired the acquisition of the contextual conditioning ( Fig. 1 ). There was a significant Minute effect (F (3,288) = 14.95; p < .0001) and a significant interaction between the test Minute and Treatment (F (9,288) = 2.12; p = .02). The post hoc test showed that animals injected with 16 mg/kg of dicyclomine showed significantly less freezing than salineinjected controls during the last two minutes of the test (p < .05). The main effect of Treatment was not significant (F (3,93) = 2.02; p = .11).
Inhibitory Avoidance
The same dose that impaired the contextual conditioning also impaired the inhibitory avoidance test. For the test latency, one-way ANOVA showed significant differences between Treatments (F (2,35) = 3.38; p = .04). The post hoc test showed that animals injected with 16 mg/kg of dicyclomine showed a significant decreased latency compared to saline-injected controls (Fig. 2) . The group injected with 8 mg/kg of dicyclomine did not differ from other groups (Fig. 2) . Dicyclomine did not affect training latencies (F (92,35) = 0.21; p = .8).
Tone Conditioning
As can be seen in Figure 3 , dicyclomine did not affect conditioning to the tone. The main effect of Minute was significant (F (7,315) = 73.47; p < .00001). Post hoc analyses with the test of Tukey indicated that all groups displayed more freezing behavior after tone presentation (p < .05). There was no interaction between Minute and Treatment (F (14,315) = 0.59; p = .86). The main effect of Treatment was also not significant (F (2,45) = 1.56; p = .219).
DISCUSSION
The main findings of the present study are that treatment (2, 8, and 16 mg/kg) on the freezing response of rats in the contextual conditioning test. DIC2, dicyclomine 2 mg/kg; DIC8, dicyclomine 8 mg/kg; DIC16, dicyclomine 16 mg/kg; SAL, saline. The number of animals per group is shown in parentheses after the group names; *p < .05 compared to SAL.
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with 16 mg/kg of dicyclomine, an M1 selective antagonist, impairs contextual fear conditioning and reduces retention latency of animals submitted to the inhibitory avoidance test. However, the acquisition of tone fear conditioning was not affected, even with a dicyclomine dose four times higher (64 mg/kg). There are several reports showing the effect of the nonselective muscarinic antagonist scopolamine on classical fear conditioning tests (tone and contextual conditioning). For instance, coworkers (1995, 1999b) obtained impairment on the acquisition of contextual, but not tone fear conditioning, following systemic pretraining administration of moderate doses of this substance. However, to the best of our knowledge, there have been no reports of the effects of selective M1 antagonists on these same tests. The effects of dicyclomine pretreatment reported here were similar to those obtained by Anagnostaras et al. (1995 Anagnostaras et al. ( , 1999b .
Regarding the inhibitory avoidance task, our results are in accordance with previous studies which demonstrate that pretraining administration of scopolamine (Meyers 1965; Erold and Buccafusco 1988) or of the M1 selective antagonist pirenzepine (Caulfield et al. 1983; Ohnuki and Nomura 1996) impairs the acquisition of inhibitory avoidance response in mice. Recently, Ghelardini and coworkers (1998) observed that administration of dicyclomine immediately after training impairs the inhibitory avoidance response in mice. The same authors also showed that inactivation of the M1 receptor gene in mice produces anterograde amnesia in the inhibitory avoidance test (Ghelardini et al. 1999) .
In the present study, dicyclomine mimicked the effects of moderate doses of scopolamine in tests for inhibitory avoidance and contextual fear conditioning, because this selective antagonist affected the inhibitory avoidance response in the same dose range as that which affects the contextual conditioned freezing, suggesting the participation of M1 receptors in these two types of tasks. Both tasks are also affected by hippocampal lesions (Gray 1982; Kim and Fanselow 1992; Phillips and LeDoux 1992) . Hence, these data suggest that inhibitory avoidance and contextual fear conditioning present some common component related to the hippocampal function. It has been demonstrated that the M1 receptor subtype predominates in the cerebral cortex and hippocampus (Levey et al. 1991) and that selective M1 agonists exhibit the capacity to augment NMDA receptor function in hippocampal CA1 pyramidal cells (Rouse et al. 1999 ). An M1 receptor subtype-induced augmented function of NMDA receptors in the hippocampus may be involved in the process of learning an inhibitory avoidance task and contextual fear conditioning.
On the other hand, it is claimed that scopolamine, as well as electrolytic hippocampal lesion, produces motor hyperactivity leading to an impaired exploration, which may be responsible for deficits in contextual representation (Anagnostaras et al. 1999a , Maren et al. 1997 . One possibility is that dicyclomine increases motor activity in the same way scopolamine does. We can not preclude this possibility at the moment, although it seems to be unlikely in the present situation, since the animals explored the environment in a drug-free state during the 5-min familiarization session.
The function of muscarinic receptors in the classical fear conditioning to a discrete stimulus, such as a tone, is not yet clear. Rudy (1996) observed that administration of scopolamine to juvenile rats affected acquisition and consolidation in both types of conditioning (contextual and tone conditioning). Using the same dose range, Anagnostaras et al. (1995) obtained an impairment of contextual, but not tone conditioning, after pretraining administration of scopolamine to mature rats. Recently, Anagnostaras et al. (1999b) observed that treatment with a very high dose of scopolamine (100 mg/kg) before training affected the tone fear conditioning test. In the present study, however, not even the highest dicyclomine dose (64 mg/kg) was capable of interfering with tone conditioning. A role for the M1 receptor is not possible to discard, as we did not test still higher doses, unlike Anagnostaras et al. (1999b) , who used a dose 10 times higher than that which impaired contextual conditioning, whereas we only used a dose 4 times higher. It is, however, questionable whether extremely high doses maintain specificity to the M1 receptor.
M1 receptors were also found in the rat amygdala 
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www.learnmem.org (Levey et al. 1991) . Amygdala lesions affect both contextual and tone conditioning tasks (Blanchard and Blanchard 1972; Nagel and Kemble 1976; Phillips and LeDoux 1992) . However, as observed by Anagnostaras et al. (1999b) and supported by the present results, blockade of cholinergic transmission produces effects that are different from those observed with amygdala lesion. On the other hand, our results were very similar to those produced by hippocampal lesion (Kim and Fanselow 1992; Phillips and LeDoux 1992) . It is, therefore, possible that the hippocampal function is more susceptible to disruption caused by cholinergic manipulations than is the amygdala. Alternatively, other muscarinic receptors, beside the M1 receptor, may be involved in the acquisition of amygdala-dependent fear conditioning. In the present study, treatment with M1 muscarinic antagonist was carried out 30 min before the conditioning session; therefore, all animals were trained under the influence of dicyclomine. Nonetheless, they were tested in an "off-drug" state because the three tasks were tested only 24 hr after training, raising the possibility of state-dependent learning. However, no state-dependent learning using scopolamine is observed either on the inhibitory avoidance task (Elrod and Buccafusco 1988) or on the contextual conditioned freezing (Anagnostaras et al. 1999b ). Yet, the possibility of state-dependent learning cannot be ruled out. This possibility, however, would be interesting per se because it would show that state-dependent learning can be selective, occurring in some (inhibitory avoidance and contextual fear conditioning) but not in other tasks (tone fear conditioning). Although administered 30 min before training, the drug is present both when training occurs and during the temporal interval that immediately follows the training session. Thus, it is not possible to decide whether dicyclomine is affecting encoding or consolidation. More studies are needed to solve these issues.
It is well known that in classical fear conditioning, administration of a substance before training may impair conditioning by interfering with shock sensitivity. Based on the present results, it is unlikely that dicyclomine had interfered in any way with the UCS processing. If this had occurred, the same pattern of effects would be expected for all the tests performed, which was not the case. Moreover, Bartolini and coworkers (1992) demonstrated that systemic administration of dicyclomine, both in rats and mice, blocks Fornari et al.
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Cold Spring Harbor Laboratory Press on November 6, 2017 -Published by learnmem.cshlp.org Downloaded from the analgesia induced by M1 selective agonists, McN-A-343 and AF-102B, but does not present any effect per se on the animal's pain threshold. It is, therefore, unlikely that dicyclomine had interfered with the sensitivity of animals to shock.
In conclusion, the selective M1 muscarinic antagonist dicyclomine differentially affected aversively motivated tasks known to be dependent on hippocampal integrity (such as contextual fear conditioning and inhibitory avoidance), but did not impair similar tasks that are independent of the hippocampus.
MATERIALS AND METHODS
Subjects
Wistar male rats, 3-4 months old (340-510 g of body weight), bred and raised in the animal facility of the Department of Psychobiology of UNIFESP/EPM, were used. Animals were maintained under controlled temperature (23 ± 2°C) and 12:12-h light-dark cycle (lights on at 7:00 a.m. ) conditions. Rat chow and tapwater were provided ad libitum. Each behavioral test was conducted in separate groups of animals.
Apparatus
The inhibitory avoidance apparatus consisted of two compartments, each measuring 22 × 21 × 22 cm, connected by a sliding door. The walls of the safe compartment were white, whereas the other compartment, where the animals received foot shock, had black walls with visual patterns (2 squares measuring 5.5 × 5.5 cm and 3 squares measuring 4.0 × 4.0 cm made of white cardboard). The tops of both compartments were covered with transparent acrylic. The floor consisted of a metal grid (0.4 cm-diameter rods placed 1.2 cm apart from each other) connected to a shock generator and control module (Ugo Basile model 7551), by which foot shocks of 1 mA and 1 second long could be delivered. For the tone conditioning test, a white cylindrical chamber, diameter 35 cm and height 60 cm, was used. The apparatuses were kept in different rooms. A buzzer placed outside the inhibitory avoidance apparatus or the cylindrical chamber produced an 80-dB tone, used as the CS.
Drug
Dicyclomine chloride (Sigma Chemical Co) was dissolved in 0.9% saline and injected, i.p., in a volume of 1.0 ml/kg. The doses used were 2, 8, 16, and 64 mg/kg. Preparation of the highest dose required heating the drug to 40°C for 10 min to make it soluble and placing it in a waterbath at 30°C to avoid precipitation of the salt.
Behavioral Procedures
Contextual Conditioning
The test was carried out during three consecutive days. On the first day (familiarization), the animals were individually placed in the black compartment of the avoidance apparatus, with the sliding door closed, where they remained for 5 min. After this period, the animals were removed from the apparatus and returned to their homecages. On the second day (training), the animals received either saline or dicyclomine (2, 8, or 16 mg/kg) and 30 min later were again individually confined in the black compartment of the avoidance box. Two min later, the CS, 5 s long, sounded, and in the last second a foot shock (UCS) was delivered, which finished together with the tone. The tone-foot-shock pairing was repeated five times, 30 s apart. Thirty seconds after the last foot shock, the animal was removed from the apparatus. The contextual conditioning test was performed on the third day, 24 h after the training. Each animal was placed in the same training context, that is, directly inside the dark compartment of the avoidance apparatus. The sliding door remained closed and no stimulus (tone or foot shock) was delivered. The freezing time-defined as complete immobility of the animal, with the absence of vibrissae movements and sniffing (Bouton and Bolles 1980) -was recorded minute by minute during 4 min.
Inhibitory Avoidance
The rats received either a saline or dicyclomine (8 or 16 mg/kg) injection and, 30 min later, were placed, individually, inside the light compartment (safe side) of the avoidance apparatus. Ten seconds later the door was opened, and, as soon as the animal entered the black compartment with all four paws, the door was closed and 5 foot shocks (1 mA, 1 s) were delivered at 30-s intervals. The latency for the animal to enter the black compartment was recorded. Thirty seconds after the last foot shock the animal was removed from the apparatus. The test was carried out 24 h after training. Each animal was placed again in the light compartment of the avoidance apparatus, and, 10 s later, the door was opened and the time taken by the animal to cross to the black compartment (four paws in) was recorded (test latency). If the animal did not cross within 540 s, it was removed from the apparatus and a latency of 540 s was attributed. No foot shock was delivered during the test.
Tone Conditioning
Tone conditioning was carried out for three consecutive days, in exactly the same way as contextual conditioning, except that on the third day, each animal was placed in the cylindrical chamber (new context), where it remained for 8 min. During the fourth minute of exposure to the apparatus, the CS was presented 5 times at 30-s intervals, beginning at the end of the third minute. The freezing time was measured, minute by minute, during the first 3 min (before the tone) and during the final 5 min (after the tone).
The pharmacological treatment was done 30 min before training, and the doses employed were 16 and 64 mg/kg of dicyclomine. The dose of 16 mg/kg was chosen because it was effective in impairing both contextual conditioning and inhibitory avoidance learning.
Statistical Analysis
Data from the classical fear conditioning (contextual as well as tone conditioning) were analyzed by a two-way ANOVA for repeated measures with Treatment and Minute as main factors. When applied, the analysis was followed by the Tukey honest significant difference test. The data from the inhibitory avoidance were analyzed by a one-way ANOVA followed by Tukey when necessary.
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